Churong II: Ciu Tao Nguyén Ti Nguyén son Bach

Chuwong Il. CAU TAO NGUYEN TU

. NGUYEN TU VA QUANG PHO NGUYEN TU :

1. Nouyén tir va cac hat co ban :

% Nguyén tir 13 hat co bdnciu tao nén vat chit, cling 1a don vi nhé nhat c6 day du
tinh chat cia mot chat .Chung c6 khoi lugng, kich thudce rat nho bé nhung c6 cau
tao rat phuec tap.

» Cau tao nguyén tir.

L shell electrons 7
- s nucleus

(8 electrons) _—

neutron

K shell
(2 electrons)
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Hinh 2.1. M6 hinh cdu tao nguyén tir

e Hat nhan: tich dién duong (+), chiém gin tron khdi luong nguyén tir, chira cac
hat chu yéu 1a proton va neutron.

e Lop vo dién tu: tich dién am (-),khéi lwong khong dang ké, chi chira hat
electron.

*Nguyén tir trung hoa dién tich.

- Cac hat co ban cdu tao nguyén tir:

Ten Ky Khoi lwong Pién tich
hi¢u kg dvC(amu) | Coulomb(C) dve
Electron e 9,1095.10°' | 0,000549 | —1,60219.10™" -1
Proton p 1,6726.10% | 1,007276 | +1,60219.107" +1
Neutron n 1,6745.10%" | 1,008665 0 0

< Ky hiéu nguyén tir:

X : ky hi€u nguyén tu.

A .Z : nguyén tir s6 = dién tich hat nhan = s
7 X p=soe.

A : 56 khoi =s0 p +son.

2. Quang phd nguvyén tir ;
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e Quang phd cua anh sang 1 quang phd lién tuc.

e Quang pho nguyén tir I quang phd vach. Mdi vach tng v&i mot birc xa cd
budc séng xac dinh va nang lugng xac dinh. Toan thé cac vach tao thanh céac day
quang pho dac trung cho nguyén tir do.

* Vidu: Khi Hydrogen loang khi bi phong dién s€ phat ra anh sang gdm nhirng tia

c6 budc song khac nhau (pho). Pho hydro trong vung kha kién gom 4 vach

Higher frequency and more energy
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Hinh 2.2. Phé birc xa dién tir (electromagnetic-spectrum)
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Hinh 2.3. Quang phé phat xa(emission spectrum) dang vach ciia nguyén tir hydro
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e Song tuong ung voi cac tia birc xa dugc dac trung boi bién dd song A
(amplitude), budc song A (wavelength), tan so v (frequency).

Amplitude Q—Wau:lenﬁh—-—b
AT SR

Low

Hinh 2.4. Cdc théng sé séng

frequency

High
frequency

* Giai thich quang phd vach cta nguyén ti H :

#i="]

E.=0.00]
TP
1] ! E;=-136x10"17]
E3=-242%x10719]
Yvy
E,=-5.45x1071]
| ] B El=—2.18><10_18_]
Lyman Balmer Paschen Brackett Pfund

Hinh 2.5.Cdc mitc ning lwong va diy quang phé phdt xa ciia nguyén tir hydro.

e O diéu kién binh thuong electron & mirc ning luwong thap nhat (mic bén

nhat): mitc co ban.

Khi hdp thu ning luong, electron s& chuyén 1én muc cao hon (mitc kich
thich), kém bén hon (chi ton tai khoang 10™° — 10°® sec), electron s& nhanh
chong chuyén vé mic niang luong thap hon, khi d6 né phat ra mot phan
nang luong da hap thu dudi dang cac buc xa:

AE “E, E, T —=hV

hc

cb

A
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e Khi e chuyén tir mtrc n > 1 tro vé muc n = 1 ta c6 diy Lyman (ving tir
ngoai-uV ), tr mrc n > 2 vé muirc n = 2 twong ung day Balmer (anh sang
thay dugc-VIS), tr mirc n > 3 vé mirc n = 3 1a day Paschen (hong ngoai IR

2 2

n n,

e (Cong thuc Rydberg: |7~ %= RZ Z(L— i] Voi:

¢ 7 :s0 song ung voi mdt don vi chiéu dai (1cm).

. Z: dién tich hat nhan cua H hodc ion hydrogenoid
¢  R:(hang s Rydberg) = 1,097x10" m™.
. Day:(Lyman:n;=1;n, > 2);(Balmer:n;=2;n, > 3);(Paschen: n;=3;n,

>4)...
I1. CAU TAO NGUYEN TU THEO THUYET CO HOC LUONG TU

1. Luén diém 1:Ban chatsong va hat ciia cac hat vi md (ban chét nhi nguyén) :

- Co hoc lugng tir quan ni€ém réng c4c hat vi mo c6 ca ban chat hat va ban chat song.
e Bdn chat hat: cac hat vi mo déu c6 khi lugng m, kich thude r va chuyén dong
v6o1 mot toc do v xac dinh.
e Bdn chdt séng: khi hat vi mé chuyén dong sé& tao ra mot song, dic trung boi
budc séng A.Tinh chat song dugc thé hién qua hién tugng giao thoa va nhiéu
Xa.

- Quan hé gitra tinh s6ng va hat cta cac hat vi mé duoc thé hién qua hé thic De
Broglie:

_h

}\’ -
mv

o h - hing s6 Planck = 6,625.10%erg.s

o m - khdi luong tinh cua hat vi mé.

o V- tdc d6 hat vi mo.
- Vidu:
e Dbi vé6i electron: m = 9,1.10'31kg, chuyén dong voi tdc do gid dinh lav =

10%cm/s s& tao nén soéng voi bude song A = 7,3.10°m. C6 thé ding mang tinh
the chat ran lam mang nhi¢u xa dé phat hi¢n song nay:

Gold foil

a—Particle
emitter

Detecting screen

Hinh 2.6: Thi nghiém nhiéu xa
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e DAi voi hat vi mé: m = 1g, chuyén dong véi toe dd v = lem/s s& tao nén song
6,6.10%’m.budcséng qué bé, khong phat hién duge.

2. Luén diém 2: Neuvyén Iy bat dinh Heisenberg( uncertainty principle):

e Ban chat song - hat dua t6i hé qua quan trong vé su chuyén dong ctia hat vi mé,
thé hién trong nguyénly do Heisenberg dua ra nam 1927:

o ”Ta khéng thé dong thoi xdc dinh chinh xdc cd vi tri va toc dp (hay dpng
lwong) ciia Cac hatvi mo.”

A Ap > Lo M *AX - d6 bat dinh vé vi tri

m__2mm, *Av - d6 bat dinh v& tbc do.

Ao g <Ay . N A A . A . , .
=>Poi véi hat vi mo xac dinh, — 1a hang s6 nén khi toa do cia ndé dugc xac dinh
m

cang chinh xac (Ax cang nho) thi toc do ciia hat cang dugc xac dinh kém chinh xéac (Av
cang 16n) va nguoc lai.(AXx—0 ,Av—® ) ; (Av—0 , Ax—x0).

Hé qua :Khi xdc dinh twong doi chinh xdc toc do chuyén dong ciia electron chiing
ta khéng thé néi dén dwong di chinh xdc ciia né, ma chi cé thé néi dén xdc sudt cé mdt
ciia né & ché nao dé trong khéng gian.Poi véi co hoc lwong tir, trang thdi ciia
electron trong nguyén twr duwoc khao sat thong qua hai khdi niém sau :

*Khai niém dam may electron va orbital nguyén tir(AO).

e Khi chuyén dong xung quanh hat nhan nguyén tir, electron di tao ra mot ving
khong gian bao quanh hat nhan ma né c6 thé c6 mit & bat ky thoi diém nao véi
xéc sudt c6 mat khac nhau.Ving khong gian dé dugc goi 1a ddm may electron
. Noi nao electron thudng xuat hién thi mat do electron day dac hon, nhu vay
mat d§ cia ddm may ty 1¢ thuan véi xac suit c6 mit cta electron va dugc xac
dinh bing dai luong y2,

e Theo tinh toan cta co hoc lugng tir thi ddm mdy electron la vé cung, khéng cd
ranh _gidi xdc dinh, vi electron c6 thé tién lai rat gﬁn hat nhan, cling co thé ra xa
vO cing. Vi thé dé tién khao sat :Quy wéc:orbital nguyén tir(A0)(:atomic
orbital) 1a viing khong gianquanh hat nhan chira khoang 90% xac suat c6 mat
cta electron. Hinh dang ctia AO duoc biéu dién bang bé mit gidi han boi
nhimng diém c6 mat do xac suat bang nhau cta ving khong gian do, ciing 1a
ranh gidi voi vang khong gian con lai .

3. Luan diém 3 :Phwong trinh séng Schrodinger :

Phuong trinh séng Schrédinger co ban mé ta su chuyén dong cua hat vi mo
trong truong thé nang doi véi truong hop trang thai ciia hé khong thay doi theo thoi
gian (trang thai dung).

*Phwong trinh song Schrodinger dwege xem la phwong trinh co hoc lwong tirnén
tang dung khao sat sy chuyén dong cua cac hat vi mo.Phuwong trinh dwoc xdy dung
theo cdc buoc:
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>Chon phuong trinh séng dimg dé mé ta trang thai chuyén dong cua electron trong
nguyeén tu .

>Can béng lgc hut hat nhan-electron va luc ly tam .

Két qua 1a thu duoc phuong trinh vi phan riéng phan bac hai phirc tap

02 02 02 2

¥ ¥ ¥ 8x’m ~

2 i 2 i 2 " 2 E TU¥ o
ox:  dyr 9, h
Trong do:

o 0 (teta)- vi phan riéng phan

o m - khdi luong hat vi mb

o h—hang s Planck

o E —nang lugng toan phan cia hat vi mo (tong dong ning va thé nang)
o U-thé nang cua hat vi mo, phu thudc vao toa do x, y, z

o W(psi) - ham séng voi cac bién x, y, z md ta sy chuyén dong cta hat vi
mé & diém co toa do x, y, z trong hé toa dg truc Oxyz.
*Nghiém cua phuong trinh : E va .
*Piéu kién ctia P : x4c dinh, lién tuc, don trj va chuan hoa .

2 A A ’ A . A . A 5 + 3R r A
Y —  mdt do xac sudt hién dién cia e tai diém c6 toa dd x, Y.z

W2dV — xdc sudt hién dién cua e trong vung khong gianvi cap dV.

“Chuan hoa” c6 nghia 1a: néu cé sy ton tai electron thi xac sudt tim thay
electron d6 trong toan khong gian 1a 100%, vé phuong dién todn hoc ngudi ta biéu
dién :

fg YAV =1
e Khi giai phuong trinh song Schrodinger cho cac hé nguyén tir khac nhau ngudi
ta thay xuat hién 4 dai luong khong thir nguyén trong hai nghiém E va ¥ ma gia
tri cua ching du gilip xac dinh trang thai cua electron trong nguyén ti. D6 1a 4
s0 luwgng tir.
Chu y: Phuong trinh song Schrodinger chi gidi dwoc chinh xac cho truong hop hé
nguyen tu H( mothat nhdn va mgt e). Déi véi cdc hé vi mé phire tap hon phdi gidi
bang phwong phdp gan ding.

4.B6n s6 lwong tir (Quantum numbers):

a. SO lwong tir chinh n va cic mire niing lwong cia electron:
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Glé tri: n=1.2.3 .. 00, PRIRCIPAL QUARTUM NUMBER C(n)

°
ENERGY ———————»

e Y nghia : n x4c dinh:

+ Muc ning luong cia electron (chi dang d6i
v6i nguyén tr H va ion hydrogenoid c6 le duy
nhat).

+ Kich thudc trung binh cua AO.

Vi duy: d6i voi H: Hinh 2.7:Cdc I6p e theo n

2

- _ z _ -19
E,” 7186 — (V) | (1leV =1.6x107))

-_a,n’ ( { I ‘* 131
*n cang tang thi E va r cang lon,electron cang xa nhan

e Trang thai ning lugng cia electrontwong tng véi mdi gia tri ctia n duoc goi 1a
mot murc nang lwongE, (trong nguyén t& H , E,chi phu thudc vaon)

n 1123 ]...]
Muc nang luongE, | E; | E; | Es | ... | E,
e Cac electron nam trén cung mot mirc nang luwgng n hop thanh motldpe.
n 1 2 3 4 5 6 /
Lope K L M N O P Q

b. S6 lwong tir orbital (phu)lva hinh dang AO:
e Gia tri: img v6i 1 gid tri cia n c6 n gia tri ctia Lgdém :(= 0, 1, 2, ..., (n-1).
e Y nghia : { x4c dinh:
o Ning lwong cua AO trong nguyén ti nhiéu electron.Trong nguyén tir nhiéu
electron: cac murc ning lugng bi tach ra thanh nhidu phdn mirc ning lwong.
M&i phan mirc ning lugng duge dic trung bdi mot s6 lugng tir orbitall, €
cang tdng, nang luong cua cac phan mirc cang 16n.
o Hinh dang céc AO . Cu thé nhu sau :

. £=0: AO c6 dang khbi cau, ky hiéu 1a s (sphere).
.L=1: A0 c6 dang 2 khbi cau bién dang tiép xuc, ky hiéu 1 p (principle)
£=2: AO c6 dang 4 khbi cau bién dang tiép xtic, ky hiéu la d(differential).

. £ =3: A0 c6 dang 8 khdi cau bién dang tiép xuc, ky hi¢u 1a f (fundamental).
.K; 4,5...: AQ c6 dang cang phic tap, ky hiéu lan luot 12 g, h,...(trong thuc
té nguoi ta thay du & nguyén tur 1on nhat e ciing chi phan bo dén f)

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Churong II: Ciu Tao Nguyén Ti Nguyén son Bach

e Cac electron c6 cung cap gia tri (n, £)hop thanh mot phdn lope. Nhw viy lop e
thir n sé co n phdn lop e.
n=1:——>=0:phanldp 1s

.n=2:%§nldp23
£ =1:phanl6p2p

: phan lop 3s

n =4 (4" shell),
3subshells, s, p, d, f 4

(@

n=2 (2™ shell),

n=3(3"4shell), 2 subshells, s and p

3 subshells, s, pand d

n=1 (1*shell),
1subshell, s

£ =2 :phan 16p 3d.

Shells and Subshells

Hinh 2.8: Cac phan lop etheot

c. SO lwong tir tir Myva cac orbital neuyén tir(AO):

e Giatri:tng v&i 1 gia tri cua £ co (20 + 1) gia tri caa mg: mg= 0, 1, £2 ..., =L,

e Y nghia :m; diic trung cho sw phin bé dinh huéng trong khong gian khdc
nhau ciia cic AO dong ning trong ciing mét phan l6p.Mbi gia tri cliaming
v61 mot cach dinh hudng ciia mot AO.

e MO0t td hop 3 gid tri cuaba so lwong tir (N, £,m;,) xdc dinh mét AO.Nhu vay mat
phén lop (n,€) co (2£+1) AO.

Phanlép | s p d f
0 0 1 2 3

me 0 | -1,0+41 | -2,-1,0,+1,+2 | -3,-2,-1,0,+1,+2,+3
S6A0 | 1 3 5 7

Hinh 2.9.Hinh dang va dinh hudng khong gian cua cac AO s, p, d.

d. SO lweng tir spin m;
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Hinh 2.10: Trang thdi tu xoay cua e

e Quiudc biéudiéne: 1 :m, = +Y%(e xoay cing chiéu kim dong ho)
| = mg = -¥5(e xoay nguoc chiéu kim dong hd)

o Y nghia:mgdac trung su tu quay quanh truc cua electron. Electron tich dién nén
khi tu xoay s€ phat sinh tir truong,chiéu cua vecto moment tir i theo qui tac van
nat chai.

e Gid tri: mg = = % g véi hai chi€u quay thuén va nghich véi chiéu kim dong
ho.( vi chi c6 hai chiéu ty xoay nén mg chi c6 hai gia tri )

e B0 456 luong tr n, €, my, mexdc dinh mgt electrontrong nguyén ti.
I11. NGUYEN TU NHIEU ELECTRON

1. Trang thai cua electron trong nguyén tir nhidu electron- Hiéu wng chin va
hiéu wng xam nhap.

e Ddi v6i hé nguyén tir da e, co hoc lugng tir ciing bt ddu khao sat bang viéc giai
phuong trinh song Schrodinger, nhung chi giai bang phuong phap gan dung la:
xem ham s6 song nguyén tir da e 1a tong cia cdc ham song moai e.

e K&t qua 1a trang thai cta e trong nguyén tir da e :
*Gidng e trong nguyén tir le:
-Ciing dugc xac dinh bang 4 s lugng tir n, £, my, m.
-Hinh dang, 6 16n, phan bd dinh hudng cua cac AO .
*Khac nhau gitta nguyén tir le va da e:
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Hinh 2-12: Gian d6 mikc ning lwong ciia nguyén tir H va nguyén tir da e.
- Nang lugng e trong nguyén tir da e phu thudc vao can val( tic 1a phu thudc vao
phan 16p e) con nguyén tr 1e chi phy thudc vao n (16p e).

1

. Véi:Z'= Z - S(S 14 hiéu tmg chén Slater phy thudc

- Z
E,, ~ 13.6. ~ (ev )

vao phan 16p tirc 1a phu thudc vao n val)

-Trong nguyén tir da e c6 2 luc tuong tac:
* Jyc day e < e.

*luc hat hat nhan < electron.va
Repulsion

Outer
electrons

Nucleus Z

Hinh 2.13: Twong tdc hit va ddy trong nguyén tir da e
Tuong tac day giita cac electron lam xuat hién hiéu tng chin va hi¢u ng xAm nhap

e Hiéu trng chin (shielding effect):1a hiéu tng giy nén boi cac electron bén
trong day 1€n cac electron bén ngoai hinh thanh mgt man chan tudéng tuong lam

suy yéu lyc hut cua hat nhan 1én cac electron bén ngoai.

*Dac diém cua hiéu ung chan:
o Cac electron bén trong chan manh doéi voi cac electron bén ngoai, nguoc lai
cac electron bén ngoai giy hi€u ung chan khong dang ké doi voi cac

electron bén trong.

10
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o Cac electron trén cung mot 16p chan nhau yéu hon so voi khac 16p. Trong
cing mot phan 16p chin nhau cang yéu.

o Trén cing mot 16p n, néul ting thi hidu tng chan giam. Hiéu tmg chan giam
dan theoddys>p>d>f.

o Véi cung mot loai AO (cungl ), n ting hiéu ng chin giam.
o Céu hinh bio hoa hodc ban bio hoa cd tac dung chén rét 1on.
*Tom lai:
o Dadivéi e bén ngodi bi chin: n va Cciia né cang Ion thi bi chin cang nhiéu.

o Dadi véi e bén trong gay ra hi¢u ieng chin: n va fciia né cang nhé thi chin
cang nhiéu.

e Hiéu itng xdm nhép:dac trung cho kha nang dam xuyén cua cac electron bén
ngoai vao cac 1op electron bén trong dé xam nhap vao gan hat nhanhon ,chiu
luc hut cua hat nhan nhiéu hon.

o Theo chicu tangt, hi¢u ing xdm nhap giam dan: s >p>d>f
o n cang lén, kha ndng xam nhap cang giam.

Do su xuét hién hiéutrng chin va hiéu ung xam nhap nén trat ty nang luong cla
cac phan 16p trong nguyén tir nhi€u e c¢6 su thay doi so vdi hé 1 electron:

1s<2s<2p <3s<3p<4s<3d<4p <5s < 4d< 5p <6s < 4f < 5d< 6p <7s < 5f ~ 6d

2. Céc quy luat phan bb electron vao nguyén tir nhiéu e

a.Nguyén Iy virng bén

Trang thdi bén vitng nhdt cia electron trong nguyeén tu la trang thai twong ing voi
nang luong nho nhat.Cdc electron sé sdp xép VA0 CAC phan 16p ¢6 mire nang lwong
tir thap dén cao.

b. Quy tic Klechkowski:

e Trong mot nguyén tir nhiéu electron, trdt tw dién cdc electron vao cdc phdn I6p
(dac trung boi nval) sao cho tong (n+£) tang dan.

e Khi hai phan I6p khdc nhau c6 cing gia tri(n+€)thi electron dwoc xép vao phén
[6p €O n tang dan.

11
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; 8'\;)8 1 2 3 value/
g 7'\7j\7p
6\63\6;\6d
5\55\5;\5;\59\
4\4j\4j\4j\4 S
3\3&3&3* +I_)\n+l-7
b § J\ jkn+l-)\”+l"5
2 2&\ 2j\n+/=3
n+/[=2
1 13)\
n+/[=1

Hinh 2.14: Quy tac Klechkowski
Phan 16p: 1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f 5d 6p 7s 5f 6d

(n +0) 12334455566¢6 777788

c.Nguvyén lv ngoai trir Pauli

Trong mét nguyén tiv khong thé cé hai electron cé cing gid tri 4 so lwong tir.
Hé qua: giup tinh duogc s6 e tdi da co & mot AO, mot phan 16p va mét 16p e:

Néu c6 2 electron di c6 cung gia tri 3 sb lugng tir (n,£,my) tirc 13 cing mot AO thi
s6 luong tir thir tu 13 mg phai khac nhau , ma ms chi ¢ 2 gid tri me= +% nén mot

AO chira t6i da 2e véi spin mg nguoc dAu nhau .

Phanlép |s|p|d | f
SOAO |[1|3]|5 ]| 7

Sdetdbida|2|6]10]| 14
S e tdi da c6 ¢ 16p thir n 1a: 2n°.(=> S6 AO & 16p thu n 1a n?)
d. Quy tic Hiund:

Khi phén bé electron vao cic AO dong nang trong cung mot phan Ip dé dat trang
thdi bén viing nhatphazphan bé sao cho tong spin trongphan [6p phai cuc dai hay so
electron dgc than la t6i da (nghia la méi AO mét e cé spin dwong 1 trude, sau dé moi
ghép doi e thir hai co spin am | Vao).
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Churong II: Ciu Tao Nguyén Ti Nguyén son Bach

;1. . 26.20 .4
+ Vidu: gO: 1s°2s°2p ’N’ ’N’ ’N”T"T‘

3. Cong thirc electron nguyén tir.(cau hinh electron nguyén tir).

Cong thuc e nguyén tir cho biét sy phan bd e vao cac phan lop theo thtr tw mirc nang
luong tang dan tir trai sang phai (theo ding qui tic Klechkowski), sé mii trén mdi phan
16p 1a so electron .
TD:. Al (Z = 13) : 15%25%2p®3s%3p’.
K (Z=19) : 1s°25%2p°3s?3p°4s™.
. Co (Z = 27) : 1s°25°2p°35°3p°4s°3d’.
*Ch V:Céu hinh e khong bén ~ —  Céu hinh e bén hon
ns® (n-1)d*—ns' (n-1)d°(ban bao hoa, bén). (PNVIB)
ns? (n-1)d°—ns' (n-1)d'%(bdo hoa, bén nhat).(PNIB)
TD:. Cr (Z = 24) : 15°25%2p°3s”3p°4s"3d°.
.Cu (Z = 29) : 15°25%2p°35°3p°4s'3d™°.
. Ag (Z = 47) : 15%25°2p®3523p®45°3d"4p°5st4d™.
*Cdch viét ciu hinh electron ciia ion:
Trudce hét can phan biét hai loai phan 16p :
- Phédn 1dp ngodi cung: 13 phan 16p c6 sd lugng tir chinh n 16n nhét trong cu
hinh e nguyén tur .
- Phdn I6p cudi cuing: 13 phan 16p chita e cudi cung c6 ning lugng cao nhat
( viét theo qui tic Klechkowski).
°Cau hinh e cation M"":

—nera khiphan lp ngoai cing

] Nguyént M cation M™*
°Cau hinh e anion X™:

+ m e vao phan lp cui cing

Nguyént X anion X™"

TD: Fe(Z = 26):15*25%2p°®3s3p°45°3d°.
= (3d®phan 16p cudi cung;4s®:phan 16p ngoai ciing)
Fe?*(Z = 26): 1s%25%2p°35%3p°3d".
Fe¥*(Z = 26) : 15°25°2p®3s%3p°3d°.
S (Z=16):1s%25°2p°3s%3p*.  —  S¥(Z=16) : 15°25%2p°3s°3p°.
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